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(54) Abstract Title 

Interlodclng Knear roller bearing 

(57) A linear roller (10) bearing includes a bearing cage (28) retaining parallel rollers (26) in a linear 
configuration. Side portions (32, 34) of the bearing cage extend laterally to form a mechanical interiock with an 
adjacent similar bearing cage such that, when two or more bearing cages are positioned about an inner 
tubular member (12) for guided axial movement relative to a coaxial outer tubular member (14), the 
mechanical interlock prevents relative axial movement of the adjacent bearing cages. Adjacent bearing cages 
may be identical or of differing configuration provided a mechanical interiock preventing relative axial 
movement results. The linear roller bearing may Include inner and outer races (18, 20), or, alternatively, the 
tubular members may be formed with integral raceways. 
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FIG. I 




FIG. 3 
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TWT p.RT.(->CKING LINEAR ROLLER BEARING 

This invention relates generally to linear roller 
bearings and, more particularly, to linear roller bearings 
that may be used in coaxial, tubular arrangements that 
transmit torque from one tube to a coaxial tube while 
allowing free relative axial movement of the coaxial tubes. 

With current linear roller bearing practice, parallel 
rollers may be retained in a crosswise orientation in 
elongated bearing cages, between inner and outer coaxial 
tubes, such that one tube can transmit torque to the other 
tube while being free to move axially with respect to the 
other. However, in applications where different magnitude 
loads and speeds result in high static friction, 
performance of such linear roller bearings may be 
unacceptable. The bearings can bind with high loads and 
the rollers can slide with low loads, such that the bearing 
cages may travel axially at different rates, resulting in 
bearing cages being located at different axial positions 
along the coaxial tubes. This misalignment of the bearing 
cages prevents the linear roller bearings from operating 
effectively to transmit torque and to facilitate free 
relative axial movement of the coaxial tubes. 

According to one aspect of the present invention, 
there is provided linear roller bearing for providing 
guided axial movement of an inner tubular member with 
respect to a coaxial outer tubular member, the linear 
roller bearing comprising: 



at least two pairs of elongated inner and outer linear 
bearing races, for extending axially with respect to an 
axis of coaxial tubular members and to be mounted on the 
inner and outer coaxial tubular members, respectively, such 
that the inner linear bearing race of each pair is radially 
aligned with and radially inward of the respective outer 
linear bearing race; and 

a plurality of parallel rollers positioned between 
each pair of inner and outer linear bearing races for 
rolling movement along the length of the inner and outer 
linear bearing races; 

the rollers between each pair of inner and outer 
linear bearing races being retained within a bearing cage 
extending laterally to form a mechanical interlock with an 
adjacent bearing cage to limit relative lengthwise movement 
of the adjacent bearing cages. 

According to a second aspect of the present invention, 
there is provided a coaxial, tubular, linear roller bearing 
arrangement compr i s ing : 

an inner tubular member having at least two elongated 
axially extending inner linear bearing raceways; 

an outer tubular member, coaxial with the inner 
tubular member, having an elongated axially extending outer 
linear bearing raceway radially outward of each inner 
linear bearing raceway, thereby forming a pair of inner and 
outer linear bearing raceways; and 

a plurality of parallel rollers positioned between 
each pair of inner and outer linear bearing raceways for 
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rolling movement thereon; 

the rollers between each pair of inner and outer 
linear bearing raceways being retained within a bearing 
cage extending circumf erentially to form a mechanical 
5 interlock with an adjacent bearing cage for limiting 

relative axial movement of the adjacent bearing cages. 

According to a third aspect of the present invention, 
there is provided a bearing cage for use in a coaxial, 

10 tubular, linear roller bearing arrangement comprising an 

inner tubular member having at least two elongated axially 
extended inner linear bearing raceways; an outer tubular 
member, coaxial with the inner tubular member, having an 
elongated axially extending outer linear bearing raceway 

15 radially outward of each inner linear bearing raceway, 

thereby forming a pair of inner and outer linear bearing 
raceways; and a plurality of rollers retained in a bearing 
cage and positioned between each pair of inner and outer 
linear bearing raceways for rolling movement thereon; the 

20 bearing cage comprising: 

an elongated member having a straight, longitudinal 
central portion with a plurality Of crosswise parallel 
pockets for receiving rollers and having laterally 
extending side portions that are curved about a 

25 longitudinal axis and extend circumf erentially to form a 

mechanical interlock with an adjacent similar bearing cage 
for limiting relative axial movement of the adjacent 
bearing cages. 



For a better understanding of the invention and to 
show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying 
drawings, in which: - 

Fig. 1 is a side view of a coaxial, tubular linear 
roller bearing arrangement, illustrating a preferred 
embodiment of an interlocking linear; 

Fig. 2 is an exploded, perspective view of the 
coaxial, tubular linear roller bearing arrangement of Fig. 
1; 

Fig. 3 is a cross- sectional view of a portion of the 
coaxial, tubular linear roller bearing arrangement of Fig. 
1, as indicated by the line 3-3 of Fig. 1; 

Fig. 4 is a perspective view of a linear bearing cage 
with rollers of the tubular linear roller bearing 
arrangement of Fig. 1; and 

Fig. 5 is a side view of portions of two adjacent 
linear bearing cages of the tubular linear roller bearing 
arrangement of Fig. 1, showing a mechanical interlock 
therebetween . 

Referring to the drawings. Figures 1 to 3 illustrate 
a coaxial, tubular linear roller bearing arrangement 10 
having an inner tubular member 12 within a coaxial outer 
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10 



15 



20 



txibular member 14 and linear roller bearings 16 positioned 
therebetween for providing guided axial movement of the 
tiibular members with respect to each other. 

In this preferred embodiment, linear roller bearings 
16 include at least, two pairs of elongated inner linear 
bearing races 18 and outer linear bearing races 20, 
positioned such that the inner linear bearing race 18 of 
each pair is radially aligned with and radially inward of 
the respective outer linear bearing race 20. Flat grooves 
22 and 24 in the outer surface of inner tubular member 12 
and in the bore of outer tubular member 14 receive the 
linear bearing races 18 and 20 to serve as backup members 
and prevent circumferential movement of the linear bearing 
races. Alternatively, if the txibular members 12 and 14 are 
made of suitable material, such as hardenable steel, for 
example, raceways may be formed integrally in the tubular 
members 12 and 14, thereby eliminating the need for 
separate linear bearing races 18 and 20. 



Parallel rollers 26 are retained within a bearing cage 
28 and are positioned between each pair of inner and outer 
linear bearing races 18 and 20 for rolling movement on the 
linear bearing races 18 and 20. The bearing cages 28 
25 extend laterally, circumferentially with respect to axis 30 

of the tubular members 12 and 14, as side portions 32 and 
34 that form a mechanical ' interlock with side portions of 
an adjacent bearing cage 28. The bearing cages 28 may have 
molded roller pockets 34, of conventional configuration. 
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for retaining the rollers 26, as illustrated in Figure 4. 
The mechanical interlock limits axial movement of one 
bearing cage 28 relative to an adjacent bearing cage 28. 

5 As illustrated in Figures 4 and 5, the mechanical 

interlock may be formed by projections 38 on side portions 
34 of the bearing cages 28 engaging corresponding recesses 
40 on side portions 32, although tabs, fingers, chevrons, 
curves and other projections of various configurations may 
10 be used. Preferably, the interlock allows a degree of 

circumferential movement and radial movement of adjacent 
bearing cages 28, while preventing relative axial movement 
of the bearing cages, to allow for dimensional tolerances 
of the coaxial tubular linear roller bearing arrangement. 

The generally rectangular configurations of the 
projections 38 and recesses 40, in the preferred embodiment 
of the drawings, provide this feature, as demonstrated by 
the gap 42 illustrated in Figure 5. 



15 



20 



25 



Each bearing cage 28 may be identical, with 
complementary tabs on opposite side portions as described 
above, for manufacturing simplicity. However, the bearing 
cages do not need to be identical and may be of various 
shapes, as long as the bearing cages are keyed together to 
prevent relative axial movement of the bearing cages. 
Similarly, an intermediate member may be positioned between 
adjacent bearing cages, being mechanically interlocked with 
each of them, such that the two adjacent bearing cages are 
mechanically interlocked indirectly, without going outside 
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the present invention. The bearing cages 28 may be made of 
a polymer, such as Acetal or Delrin, for example, metal or 
other materials. And, the number of linear roller bearings 
may be four, as illustrated, or 2, 3, 5 or other number. 

5 

From the above description, it will be apparent that 
the linear roller bearing is intended to be suitable for 
applications where different magnitude loads and speeds 
result in high static friction. Even under such adverse 

10 circumstances, the bearing cages are maintained in correct 

relative position such that the linear roller bearing is 
torsionally rigid and provides free axial relative movement 
of coaxial tubular members without binding. The joint 
connecting adjacent bearing cages is flexible in the radial 

15 and circumferential directions to accommodate raceway 

tolerances while maintaining a desired relative axial 
position of the bearing cages. 



( 
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CLAIMS 

1. A linear roller bearing for providing guided 
axial movement of an inner tubular member with respect to 
a coaxial outer tubular member, the linear roller bearing 
comprising : 

at least two pairs of elongated inner and outer linear 
bearing races, for extending axially with respect to an 
axis of coaxial tubular members and to be mounted on the 
inner and outer coaxial tubular members, respectively, such 
that the inner linear bearing race of each pair is radially 
aligned with and radially inward of the respective outer 
linear bearing race; and 

a plurality of parallel rollers positioned between 
each pair of inner and outer linear bearing races for 
rolling movement along the length of the inner and outer 
linear bearing races; 

the rollers between each pair of inner and outer 
linear bearing races being retained within a bearing cage 
extending laterally to form a mechanical interlock with an 
adjacent bearing cage to limit relative lengthwise movement 
of the adjacent bearing cages. 

2. A linear roller bearing according to claim 1, 
wherein the bearing cages have lateral edge portions that 
have at least one laterally extending tab that engages a 
corresponding recess of an adjacent bearing cage to form 
the mechanical interlock. 



3 . A linear roller bearing according to claim 1 or 
2, wherein the bearing cages are identical, each bearing 
cage having tabs and corresponding recesses that are on 
opposite lateral edges. 

4. A linear roller bearing according to claim 1, 2 
or 3, wherein the mechanical interlock of adjacent bearing 
cages allows lateral movement of one bearing cage relative 
to the adjacent bearing cage, to accommodate dimensional 
tolerances of the inner and outer bearing races. 

5. A linear roller bearing according to any one of 
the preceding claims, wherein the bearing cages are made of 
a polymer. 

6. A linear roller bearing according to any one of 
the preceding claims, wherein the number of pairs of inner 
and outer bearing races is four. 

7. A linear roller bearing according to claim 
1, wherein the mechanical interlock of adjacent bearing 
cages is indirect, an intermediate member being interposed 
between the adjacent bearing cages and mechanically 
interlocked with the adjacent bearing cages. 

8. A linear roller bearing, substantially as 
hereinbefore described, with reference to the accompanying 
drawings . 
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9. A coaxial, tubular, linear roller bearing 
arrangement compr i s ing : 

an inner tubular member having at least two elongated 
axially extending inner linear bearing raceways; 

an outer tubular member, coaxial with the inner 
tubular member, having an elongated axially extending outer 
linear bearing raceway radially outward of each inner 
linear bearing raceway, thereby forming a pair of inner and 
outer linear bearing raceways; and 

a plurality of parallel rollers positioned between 
each pair of inner and outer linear bearing raceways for 
rolling movement thereon; 

the rollers between each pair of inner and outer 
linear bearing raceways being retained within a bearing 
cage extending circumf erent ially to form a mechanical 
interlock with an adjacent bearing cage for limiting 
relative axial movement of the adjacent bearing cages. 

10. A linear roller bearing arrangement according to 
claim 9, wherein the bearing cages have lateral edge 
portions that have at least one circumf erent ially extending 
tab that is located within a corresponding recess of an 
adjacent bearing cage to form the mechanical interlock. 

11. A linear roller bearing arrangement according to 
claim 9 or 10, wherein the bearing cages are identical, 
each bearing cage having tabs and corresponding recesses 
that are on opposite lateral edges. 
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12. A linear roller bearing arrangement according to 
claims 9, 10 or 11, wherein the mechanical interlock of 
adjacent bearing cages allows circumferential movement of 
one bearing cage relative to the adjacent bearing cage, to 
accommodate dimensional tolerances of the inner and outer 
bearing raceways. 

13. A linear roller bearing arrangement according to 
any one of claims 9 to 12, wherein the bearing cages are 
made of a polymer. 

14 . A linear roller bearing arrangement according to 
any one of claims 9 to 13, wherein the number of pairs of 
inner and outer bearing raceways is four. 

15. A linear roller bearing arrangement according to 
any one of claims 9 to 14, wherein the inner and outer 
linear bearing raceways are on inner and outer linear 
bearing races, respectively, that are mounted on the inner 
and outer tubular members, respectively. 

16. A linear roller bearing arrangement according to 
claim 7, wherein the mechanical interlock of adjacent 
bearing cages is indirect, an intermediate member being 
interposed between the adjacent bearing cages, and 
mechanically interlocked with the adjacent bearing cages. 
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17. A linear roller bearing arrangement, 
substantially as hereinbefore described, with reference to 
the accompanying drawings . 

18- A bearing cage for use in a coaxial, tubular, 
linear roller bearing arrangement comprising an inner 
tubular member having at least two elongated axially 
extended inner linear bearing raceways; an outer tubular 
member, coaxial with the inner tubular member, having an 
elongated axially extending outer linear bearing raceway 
radially outward of each inner linear bearing raceway, 
thereby forming a pair of inner and outer linear bearing 
raceways; and a plurality of rollers retained in a bearing 
cage and positioned between each pair of inner and outer 
linear bearing raceways for rolling movement thereon; the 
bearing cage comprising: 

an elongated member having a straight, longitudinal 
central portion with a plurality of crosswise parallel 
pockets for receiving rollers and having laterally 
extending side portions that are cuarved about a 
longitudinal axis and extend circumf erentially to form a 
mechanical interlock with an adjacent similar bearing cage 
for limiting relative axial movement of the adjacent 
bearing cages. 

19. The bearing cage according to claim 18, wherein 
the laterally extending side portions that have at least 
one circumf erentially extending tab for engaging a 
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corresponding recess of an adjacent bearing cage to form 
the mechanical interlock. 

20. The bearing cage according to claim 18 or 19, 
wherein the bearing cage is made of a polymer. 

21. The bearing cage according to claim 18, 19 or 20, 
wherein the bearing cage is curved in cross section and 
extends circuraferentially approximately 90 degrees with 
respect to an axis such that the bearing cage can be used 
with three other similar bearing cages in a coaxial, 
tubular linear bearing arrangement. 

22. A bearing cage, substantially as hereinbefore 
described, with reference to the accompanying drawings. 
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